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ABSTRACT 
The annual instantaneous total mortality coefHeient 
(Z) for .the prawn Metapenaeus dobsoni has been estima-
ted to range from 0.8 to 5.14 by the cumulative catch 
curve method. Different methods used in the study resulted 
in wide ranging values of natural mortality ( M) (0.6 to 2.303), 
but the yield per recruit model when superimposed with the 
absolute yield values revealed the right order to be > 2. The 
biologically optimum yield of about 18 thousand tons is 
obtained for an effort of 2, 702 trawlers pet day. for 215 
fishing days when the annual exploitation ratio (E) is about 
52%. 
INTRODUCTION 
Metapenaeus dobsoni (Miers) called the Poovalan in Kerala 
is one of the commercially most important penaeid prawns fished 
along the southwest coast of India including the states of Kerala, 
Karnataka and Goa. It forms about 46% of the total penaeid 
prawn catch along this coast. Some aspects of the dynamics 
of its exploited stock are dealt with here based on certain primary 
data from earlier contributions. 
MATERIAL AND METHODS 
The length (total lengtb) frequency data used for mortality 
estimates include that for: (1) Calicut for the period 1949-1950 
(Menon, 1955); (2) Cochin (marine) for 1957-'62 (Banerji and 
George, 1967); (3) Ambalapuzha (marine) for 1972-'73 (Kurup 
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and Rao, 1974); and (4) Mangalore (marine) for 1962-'72 (Rama-
murthy et al., 1978). 
Annual instantaneous total mortality coefficient (Z) and its 
constituents: Annual instantaneous fishing mortality coefficient 
(F) and annual instantaneous natural mortality coefficient (M) have 
been estimated by the following methods : 
(a) Z from age composition data : 
Length frequency data for the localities Calicu t, Cochin 
and Mangalore converted to age composition by means 
of the age-length key (Smita, 1985) formed the basic material 
for the estimation of mortality rates by the following two 
methods : 
(i) Survival (S) by Jackson's (1939) method : S was calculated 
from the ratio of the numbers (N) in the c.ohort at two 
successive ages, t and t+ 1, 
Nt+ 1 -z 
S = = e .•• (1) 
Nt 
and Z = -log S 
e 
••• ( 2) 
(ii) Estimatwn of Z by cumulative catch curve method 
(Jones and van Zalinge, 1979): Mortality rate was 
estimated from the number a:t each length group per 
unit of fishing effort by the equation, 
\{)gJ LN = ~ loge (L00 - L) + loge C ••• ( 3) 
where, tL N is the cumulative number above a certain 
size, L and C is a term independent of L. The slope b ob-
tained by plotting L: N on (L
00 
- L) is equal to Z/K. Thus, 
L 
b = Z/K. Wherever linearity was not maintained over 
all the sizes examined, only the linear section of the 
curve was considered for the regressio11. 
(b) Estimation of natural mortality, M : 
The annual instantaneous natural mortality coefficient (M) was 
determined according to Allen ( 1953), Beverton and Holt 
(1966), Cushing (1968), Rikl)ter and Efanov (1976) and Pauly 
(1978) (Smita and Oevaraj~ MS). 
(i) Allen (1953): M was estimated by first estimating 
F by the formula..-
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U = l /I = (F /Z) ( 1 - e -Z) 
c 
.t15 
O&Q ( 4) 
where, Zc = length at first capture, l = mean length of 
prawn caught and Z as estimated by the cumulative 
catch curve method .. 
(ii) Beverton and Holt (1966) : This method, which estimates 
optimum length at capture (l l, involves the use of len-
opt' 
gth infinity (Lc), annual growth coefficient (K) and M. 
L t = 3 L / ( 3 + M/K) •oe ( 5) op ro 
Substituting L t = 67.4 mm estimated according to Kutty 
op 
and Qasim (1968) and L = 172 mm and K = 0.40068(Smita 
co 
1985) the value of M could be found from eq. (5). 
(iii) Cushing (1968) : This method, developed on the notion 
of one animal for every hundred one year old animals 
in the virgin state IS e of the form. 
1 Nt 
• z = M = T -1 loge N 
max Tmax 
where, T mar = the maximum age of 3 years that the 
Poovalan prawn attains, N t = the number of one year old 
prawn and NT = the number at T • In max - max the unex-
plaited state, the number of one year old prawn has 
been assumed to be 100, and the number surviving 
to T max considered to be 1, so that 
1 100 z = M = 3 _ 1 log8 - 1- ... (7) 
(iv) Rikhter and Efanov (1976) : This is an empirical relation 
M = [1.521 I (tm50)
0
•
720] - 0.155 ... (8) 
where, tmSO is the age at massive maturation (50% 
rna tura tion). 
( v) Pauly (1978) : Pauly's empirical model (Eq.9) for the 
independent estimate of natural mortality is of the 
form, 
log M ::- 0. 1228-0 .. 1912 log L
00 
+ 0. 7845 log K+Oo2391 log T-(9) 
where, T is the mean ambient temperature in °C of 
the environment inhabited by the stocko 
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1 : (Slnaturai (M: 
-
I Year groups (Frequency) % O+yr gr 1+yr gr 2+yr gr Duration I .i:ty Phase 0+ 1/2+ 1+ 1'.1/2+ 2+ 2.1/: 
1':14~ to Caiicut Marine 3.3 23.7 29.0 21.4. 14.4 7.1. 
( 12 """'"UlS! 
1957 -58 Co chin Marine - DaB 204.8 3108.3 1947.3 50lh,~ 
1958--59 n n 
-
17.4 753.3 4755.5 1383.7 100.~ 
1959-60 WI 01 - 10.9 375.7 1208.0 439.5 57.2 
1960-61 n - 3.8 93.9 1233.2 890.0 195.~ 
.1961-62 i1 II - - 142.0 2382.6 2180.1 926.~ 
1962-63 IT fl - 13.6 369.5 1484.9 383.8 112.2 
1962 Jan-Dec I t'lftQI IYd!Ult: " - - 5.5 15.9 64.7 1 Z.E 
1963 ~ If tl 9.5 25.1 41.9 21.( - -
1964 fl 11 - - 3.5 14.7 48.0 2J.1 
1965 IT 01 
- - 12.1 13.7 43.7 21.-t 
' 
·n 
- -
4.7 ZJeO 49.8 18.E 
It 
- -
2~2 26.3 56.0 13.5 
1968 fl " - - 0.6 8.6 60.9 23.~ 
1969 
" 
1"1 
- -
7.8 14.0 58.9 14.1 
1970 ., 
- - 4.6 24.3 48.A 15.1.: 
I 
1971 " - - 16.7 24.7 4&9 11.f 
1912 11 " - - 14.6 28.1 54.1 2.t 
1972 -Jan-Dec Cochin fl - - 20 69 9.3 1.i 
. 
1973 Jan-June '* fl - - 20. 66 11.6 Z,.L 
for Cbchin is in thousands 
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and total mortality" (Z) by various methods 
(S} (Z) Estimates of mortality (Jackson's method) 
Estimates of 
3+yr gr survival 1/2 Annual basis Mean Annual Z 
3+ 3. 1/2+ 1/2 Annual yearly 1/2 ye-,. Annual Mean length by cumm-
year- basis ar!y lative 
ly X 2 catch cur-
ve method 
0.6 - 0.608 .312 0.498 0.996 1.165 1.081 70.80 -
91.4 - 0.457 0.441 0.783 1.567 0.819 1.193 3.27 
18.0 - 0.241 0.215 1.423 2.846 '1.537 2.192 L1.62 
2.5 - 0.293 0.240 1.228 2.455 1.427 1.941 5.04 
90.7 - 0.507 0.488 0.679 1.357 0.718 1.038 3.16~ 
142.5 - 0.592 0.577 0.524 1.049 0.550 0.800 6.61 
1.2 - 0.251 0.212 1.382 2.765 1.554 2.160 4.85 
-1.1 - 0.179 0.014 1.721 3.441 4.270 3.856 3.13 
(1962-63) 
2.5 - 0.374 0.040 0.984 1.967 3.219 2.593 4.02 
(1963-64) 
10.7 - 0.475 0.150 0.745 1.489 1.897 1.693 5.03 
(1964-65) 
- - 0.485 0.724 1.448 - 1.448 2.42 
( 1965-66) 
3.6 - 0.327 0.053 1.118 2.236 2.938 2.587 1.86 
(1966-67) 
1.6 
-
0.222 0.023 1.505 3.010 3.773 3.392 5.02 
(1967-68) 
6.4 - 0.354 0.0758 0.970 1.939 2.578 2.259 4.27 
( 1968-69) 
5.1 - 0.264 0.070 1.332 2.664 2.660 2.662 4.45 
(1969-70) 
7.1 - 0.355 0.111 1.036 2.072 2.199 2.136 3.64 
(1970-71) 
- - 0.252 1.379 2.757 - 2.757 6.05 
(1971-72) 
0.6 - 0.056 0.011 2.883 5.766 4.511 5.139 4.112 
-
- - 0.140 0.124 1.967 3.933 2.088 3.01 6.502 
- - 0.180 0.163 1.721 3.426 1.816 2.621 4.17 
-
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Fig.2 
Curves showing the relationship between cumulative fequency and 
Li ·- L for M. dobsoni from Cochin ( 1957-63) 
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Cumulative catch curves forM. dodsoni from Ambalapuzna (1972-'73) 
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The yield per recruit (Y /R) as a function of F was estimated 
by the analytical model (Beverton and Holt, 1957) for the following 
growth and selection parameters separately for the two extreme 
values of M (0.6 and 2.3): Weight infinity (W a) = 88.789 g; annual 
weight growth coefficient (k) = 0.2817, arbitrary origin of the 
growth curve (t
0
) = -0.00883 years, age at first capture (tc) = 1.52 
years for lc = 78.0 mm and age at recruitment, (t,) = 0.917 years. 
The observed absolute annual yield values- were superimposed 
on the two yield curves (one for M = 0.6 and the other for M = 2.3 
to check the compatibility between the Y /R and Y values and to 
base the management decision on the one indicating the best 
compatibility. 
RESULTS 
Estimation of Z : 
(i) Jackson's method : The estimated mean value of Z for· Calicut 
(1949- '50) was 1.081. The mean annual Z for Cochin ranged 
from O.R jn 1961-62 to 3.01 in 1972. For Mangalore, Z ranged 
from 1.45 (in 1965) to 5.14 (in 1972) (Table 1). 
(ii) Cumulative catch curve method: Estimates of Z(annual) 
by this method for Kerala ranged from 3. 27 in 1957 
to 4.85 in 1962-'63 and for Karnataka from 3.13 
in 1962-'63 to 6.05 in 1971-72 (Table 1; Figs.l-
3). ·The value of Z thus estimated agree well with 
those from the age composition data for the Mangalore 
region (1.45 to 5.14) in Karnataka. but not for Gochin 
( 0. 8 to 3. 01 ) in Kerala. 19 72 1973 
1) 
11 
r 
..... 8 
1962-7 
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Estimation of M : The annual natural mortality has been 
estimated to be 0.6, 0. 797, 0.812, 1.87 and 2.303 according to 
the methods of Allen ( 1953), Rikhter and Efanov ( 1976; the 
age of 1.92 years at 50% maturity, tmSO' used in this method is 
from Ramamurthy et al., 1978), Pauly ( 1978; the average annual 
ambient temperature used in this method is 25°C), Bever ton 
and Holt ( 1966; the optimum length of exploitation, 1 of 67.4 y 
mm used in this method was estimated according to Kutty and 
and Qasim, 1968) and Cushing (1968) respectively. 
Relation between Y/R and Y curves : The yield per recruit 
analysis (Beverton -and Holt, 195 7) fbr M = 0.6 (and t = 1.52 years; 
c 
Smita and Devaraj, MS) indicates the Y/R to be increasing steadily 
to the maximum sustainable Y /R ( MSY /R) of 3.86 g at E = 0.60 
msy. 
(F = 0.90) and decrease thereafter gently to 2.74 gat E = 0.98 (F= 
29.4) (Fig.4). For M=2.3 the ·r;~ i~cre~ses steadily to 
0. 68 g at the exploitation ratio E = 0. 52 ( F=2. 5), beiond 
which the rate .of increase in Y I R is negligible. After 
ploting the value of average annual yield(17,359 tons) for 
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the phase 1976-1984, when the yield stabilized, for the average 
E of 0.87 and 0.52 for M = 0.6 and 2.3 respectively, the Y /R curves 
are used as yield curves also. The distribution pattern of the ob-
served annual yield values on Y /R curves for M = 0.6 and 2.303 was 
distinctly different from each other. On the Y /R curve for M = 0.6 
(F ig.4), the annual yield values cluster between E = 0. 73 (in 1966) 
and 0.92 (in 1980), much beyond E = 0.60, suggesting consider-
msy 
able overexploita tion in all the years including 1965-68 when 
the fishery was still in its premechanisa tion stage landing an 
average catch of only 11 thousand tons. On the other hand, 
for M = 2.303, the observed yield values follow very closely 
the course of the Y /R curve (F ig.5), except for 1973.;1975 when 
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Fig.5 : Yield per recruit curve as a function of E, F and F for M = 2.303. 
~~The superimposed observed annual yield 'values tor 1965-1984 follow the 
yield curve closely. 
recruitment was high. The Y /R curve for M = 2.3 thus emerged as 
the most realistic one. At E = 0.52, the absolute yield is 17 
thousand tons for the effort oJ 2,500 trawlers operating per 
day for 215 fishing days. a year. The bioJogically optimum . yield 
(MSY) has been found to be 18 thousand tons for the opt1mum 
effort 2,702 trawlers per day for the southwest coast (Smita 
and Devaraj, 1987). 
422 SMITA AND DEVARAJ 
DISCUSSION 
Total mortality Z has been found to vary considerably from 
year to year and from one locality to the other. Banerji and 
George ( 1967) have found the average value of annual Z for Cnchin 
for 195 7 -'63 to be 3.56. According to Kurup and Rao ( 1974), 
estimate of Z for the males is 3.1 and for the females for Cochin 
is 3.8. Ramamurthy et al. (1978? giV'e· the Z estimate between one 
and two year old classes ot males and females to be 4.18 and 
4.61 respectively for Mangalore. The annual Z by the cumulative 
catch curve method followed in this study ( 4. 78 for Cochin and 
4.0 for Mangalore) compare well with the estimates of 3.5'6 
given by Banerji and George ( 19,5), 3.1 to 3.8 by Kurup and 
Rao (1974) and 4.18 to 4.61 by Ramamurthy et al (1978) (Table 2). 
TABLE - 2: ESTIMATES Of ANNUAL TOTAL MORTALITY (Z) for H.. DOBSONI 
ACCORDING TO THE PRESENT STUDY AND AS REPORTED EARLIER 
.( 1) 
(Banerji and 
George, 1965) 
3.56 
Z estimated 
(2) 
(Kurup and 
Rao, 1974) 
3.1 (male) 
3.8 (female) 
(3) 
(Ramamurthy et 
ai., 1978) 
4.18 (male) 
4.61 (female) 
(4) 
(Present 
Study) 
2.08 4.39 
(by Jack- (by cumu-
son's lative 
method catch 
curve 
method. 
Bever ton and Holt ( 1956) observed a close relation between 
K and M. Garcia and Reste ( 1981)note that if the values of M and 
maximum age in years (T) are plotted (following Be vert on and 
Holt, 1957; Tanaka; .1960.; and Saville, 1977) for the penaeids 
which have a life span of about 2 years, M would be 0.16 to 0.25 
per month, whereas the values of M obtained by various authors 
range from M = 0.04 to 2.2 per month. 'The methods for the 
estimation of M used in this study have given significantly differ-
ent values ranging from 0.6 to 2.303. Of these values, the highest 
value (2.303) commensurates• with the general high values of 
Z ranging from 4.0 to 4.78 as estimated by the cumulative catch 
curve method and from 3.1 to 4.61 given by earlier authors. 
The compatibility of the aboslute annual yield values with the 
Y /R curve ·for M = 2.303 provides very convincing proof that the 
true M in the ca.se of M. dobsoni is well over 2.0. 
MORTALITY RATES OF M. DOBSON! 423 
ACKNOWLEDGEMENT 
We are thankful to Prof. Y. Sreekrishna, former Director 
and Or. V .R.P. Sinha, Director, C.I.F .E., Bombay, for the facilities 
rendered for this study. 
REFERENCES 
Allen, K.R. 1953. A method for computing the optimum size 
limit for a fishery. Nature, 172 (4370) : 210. 
Banerj i, S.K. and M.J. George, 1967. Size distribution and growth 
of Metapenaeus dobsoni (Miers) and their effect on the 
trawler catches off Kerala. Proc. Symp. Crustacea, Mar. 
bioi. Ass. India, Part II: 634-648. 
Beverton, R.J.H. and S.J. Holt, 195 7. On the dynamics 'of exploited 
fish populations. Fish •. Invest. Minist. Agric. Fish Food (G.B.) 
Ser. II, Vol. 19: 553 p. 
Beverton, R.'J.H. and S.J. Holt, 1966. Manual of methods for 
fish stock assessment. Part 2, Tables of yield functions. 
F AO Fish. Tech. Pap., (38) Rev.1: 67 p. 
Cushing, O.H., 1968. Fisheries Biology. A study in Population 
Dynamics. Madison, University of Wisconsin Press, 200 p. 
Garcia, S. and L. Le Reste, 1981. Life Cycle, Dynamics, Exploit-
ation and Management of Coastal Penaeid shrimp stocks. 
F AO Fish Tech. Paper No. 203, FIRM/T 203 F AO, Rome, 
Italy, 215 p. 
Jackson, C.H .. N., 1939. The analysis of an animal population, 
J. Anim. Ecol., 8: 238-246. 
Jones, R. and van Zalinge, 1979. Estimates of mortality rates 
and population size for shirmp in Kuwait waters. F AO Shrimp 
Stock Evaluation and Management Project, Kuwait, Final 
report, Kuwait, TF /KUW/6 R 3 : 26 p. 
Kurup, N:S. and P.V. Rao, 1974. Population characteristics and 
exploitation of important marine prawns of Ambalapuzha, 
Kerala. Ind. J .. Fish .. 21( 1) : 183-210. 
Menon, M.K., 1955 .. Notes on the bionomics and fishery of the 
424 SMITA AND DEVARAJ 
prawn Metapenaeus dobsoni (Miers), on the southwest coasl 
of India. Ind. J. Fish. 2 : 41-56. 
Pauly, D. 1978. a discussion of the potential use in pop-ulation 
dynamics of the interrelationships between natural marta tily, 
growth parameters, and. mean environmental temperature 
in 122 stocks. ICES, CM, 1978, G-21 : 35 P. 
Ramamurthy, S., G. Annigeri and N.S. Kurup, 1978. Resource 
assessment of the penaeid prawn Metapenaeus dobsoni (Miers) 
along the Mangalore ccmst. Ind. J. Fish., 25 ( 1 & 2) : 52--66. 
Rikhter, V .A. and V .N. Efanov, 1976. On one of the approaches 
to estimation of natural mortality of fish populations. ICNAF 
Res. Doc., 76/VI/8 : 12 p. 
Saville, A., 1977. Survey methods of appraising fishery resources, 
F AO, Fish. Tech. Pap. 17, 76 p. 
Smita, P., 1985. Dynamics of Metapenaeus dobsoni and experiment-
al growth of Penaeus monodon. M.Sc. thesis, University of 
Bombay, 201 p. 
Smita, P. and Mo Devaraj >MS. Population dynamics of the prawn 
Metapenaeus dobsoni (Miers) exploited in the commercial 
trawl fishery along the southwest coast of India. 
Tanaka, S., 1960. Studies on the dynamics and management 
of fish populations. Bull. Tokai Reg. Fish. Res., Lab., 28 ! 1-20 
